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Environmental Management System ISO 14001: Effective waste 
minimisation in small and medium enterprises in India 
 
Abstract 
Numerous empirical and conceptual studies describe waste minimisation as a key environmental performance 
indicator for industry. ISO 14001certification in this regard is widely considered the tool of choice for driving 
waste minimisation efforts.  To this day, however, the evidence remains mixed as it pertains to the effectiveness 
of ISO 14001 in helping firms reduce waste, especially n developing countries. This paper explores the waste 
minimisation efforts among Indian small and medium enterprises. Specifically, improvements in waste 
minimisation are analysed from small and medium enterprises operating in the cities of Delhi and Noida. Our 
proposed model is tested for a model-fit, and the hypotheses are tested through regression coefficient (β) scores 
to determine the influence of ISO 14001 on the degre  of waste minimisation among certified and non-certified 
companies. The data reveal that ISO 14001 certification alone helped account for a 25% increase in waste 
minimisation in certified companies after controlling for other critical factors (correlated to the variable ‘waste 
minimisation’) that may influence this relationship. The analytical tools described in this paper lend themselves 
to be applied to similar research problems in future studies. The study provides baseline data for further research 
into ISO 14001 effectiveness in the Indian SME context - a field with still only limited research insights - and 
offers policy prompts for targeted environmental management improvements in Indian firms. 
 
Keywords: environmental management systems, small and medium-sized enterprises, waste minimisation, 
environmental performance, ISO 140001, legal compliance, India, policies 
 
1. Introduction  
The Indian small and medium enterprise (SME) market is of great economic significance 
valued at US$5 billion (Basha, 2013). The country’s 1.3 million SMEs constitute over 80% 
of the total number of industrial enterprises in India, account for over 35% of the gross value 
of output in the manufacturing sector and make up over 40% of total exports (Das et al., 
2007; Goyal, 2013). India’s small-scale industries h lp generate income and investment in the 
economy and provide employment to more than 32 million people, who account for 45% of 
the country’s total industrial employment (Ravi, 2009).  
 
However, at the same time, 70% of all industrial pol ution is attributable to the nation’s SME 
sector (Indian Ministry of Environment and Forests (MOEF, 2012), which explains growing 
calls for policy changes and improved production processes.  Table 1 below lists India’s most 
polluting sub-sectors amongst SMEs. 
 
Place Table 1: India’s most polluting industries (Central Pollution Control Board, 2014) 
 
Industrial waste is particularly problematic in light of the fact that India lacks adequate waste 
treatment and disposal facilities for the hazardous wa tes generated by the country’s many 
manufacturing industries. The waste problem is compounded further by poor waste handling 
practices and illegal waste dumping, which have been found to be the cause of alarming rises 
in pollution to soil and groundwater, representing not only a human health hazard but also an 
increasingly pressing commercial concern for the SME sector in India (see Moturi et al., 
2004; Saxena and Bhattacharyya, 2010; Wath et al., 2011; Hindustan Times, 2012). 
 
Globally, ISO 14001 is the most widely recognised an  most frequently used standard for 
environmental management systems (EMSs) (Székely and K irsch, 2005; Bracke and 
Albrecht 2007; Montiel, Husted and Christmann, 2012).  Certification to the standard is 
purported to foster the development not only of cleaner, safer and healthier products and 
workplaces but also to lead to improved environmental outcomes and economic benefits 
(Lesourd and Schilizzi, 2001; Melynk et al., 2003; Tarí et al, 2012).  In this regard, ISO 














SME sector. Empirically, however, the evidence of ISO 14001 efficacy remains mixed 
(Prajogo et al., 2012; Potoski and Prakash, 2013), and to this day still only little is known 
about the effectiveness of certified environmental management systems in developing 
countries in general and in India’s SME sector in particular (Singh, Brueckner and Padhy, 
2014).   
 
It is against this background that this paper offers anevaluation of the impact of ISO 14001 
certification on waste minimisation efforts in Indian SMEs and their overall environmental 
performance. To this end, a review is presented of the literature on the relationship between 
EMSs and waste minimisation to help formulate a set of research hypotheses, which are then 
tested against empirical data collected from both ISO certified and non-certified SMEs 
operating in the two large industrial Indian cities of Delhi and Noida. In recognition of the 
heterogeneity of the MSME1 sector (see Hillary, 2004), the focus here will be restricted to 
SMEs with an annual turnover on sales above 10 million INR (~US$ 168 000). The results 
will then inform a discussion on ISO effectiveness a  it pertains to waste minimisation and 
environmental performance as well as on policy implcations. 
 
 
2.Waste minimisation and the Indian context 
Despite concerted policy efforts, volumes of industrial and municipal waste continue to grow 
globally due to a growing world population and rising per capita incomes and consumption 
(Worldwatch Institute, 2012; UNEP, 2012). Around 4 billion tons of waste are produced 
annually (Chalmin and Gaillochet, 2009), and this figure is expected to rise in future with 
solid waste volumes alone tipped to double by 2025 (Hoornweg and Bhada-Tata, 2012).  
Growing waste volumes are a key management concern for waste may be toxic, ignitable, 
corrosive or reactive and can thus prove hazardous to both human and environmental health 
(e.g. Giusti, 2009; Samuelson 2009). Also, while business and industry were not overly 
concerned about waste generation in the past, waste gen ration today is often associated with 
high costs to firms’ bottom line and increased lega compliance pressures (WBCSD, 2002; 
National Audit Office, 2010), not to mention growing environmental impacts (Worldwatch 
Institute, 2013); this explains the growing interest in waste minimisation techniques and 
practices in the business and policy realms (Wilson et al., 2012). 
 
Waste minimisation (WM), also often referred to as source reduction, pollution prevention or 
green manufacturing, has a wide currency (Mulholland d Dyer, 1999). Whilst seen by some 
as any measure that reduces the amount of waste requiring final disposal (Kavanagh, 1994), 
WM is strictly defined in terms processes and practices that prevent or at least help reduce the 
actual generation of waste (UNEP, 2002) and is thuse preferred of all waste management 
options. Yet, WM commonly entails a combination of prevention techniques, quality 
improvements and recycling initiatives that serve to reduce the amount of waste produced 
and help eliminate the generation of harmful and persistent wastes. WM often includes 
product and process redesign but also extends to changes in societal patterns driving 
consumption and production and thus affecting waste generation (OECD, 1996; EEA, 2002; 
                                                          
1In India, enterprises are distinguished in terms of their investments in plant and machinery as well as 
investments in equipment. Companies with investments i  plant and machinery of up to US$62 500 and 
investments in equipment of up to US$25 000 are considered micro enterprises. Small enterprises are those with 
investments in plant and machinery between US$62 500 and US$1.25 million as well as investments in 
equipment between US$25 000 and US$0.5 million. Medium enterprises have investments in plant and 
machinery between US$1.25 million and US$2.5 million and investments in equipment between US$0.5 million 















Sharp et al., 2010). Notwithstanding, the key emphasis is commonly placed on the adoption 
of Cleaner Production (CP) technologies as a means of bringing about waste reductions and 
achieving waste prevention. Staniskis and Stasiskiene (2005), for example, reveal in their 
review of WM programs that causes of waste generation are often ignored.  Instead, WM 
programs are found to focus on waste and its analysis, identification, characterisation and 
sorting. In their study of Lithuanian SMEs, Staniskis and Stasiskiene (2005) show that the 
companies’ waste minimisation efforts are largely tchnologically focused, entailing Cleaner 
Production practices such as technology modification, process optimisation, on-site recycling 
and energy recovery. 
 
Firms can achieve effective waste minimisation by way of adopting and integrating waste 
minimisation programmes that institute organised, comprehensive and continual efforts to 
systematically reduce waste generation. Effective programmes critically rely on the 
commitment by senior management and good programme oversight as well as effective waste 
stream identification and analysis (Cheremisinoff, 2001; El-Halwag, 2012). Firms can use 
tailored prevention techniques to target critical wste streams, work towards the elimination 
of waste and bring about environmental management improvements with possibly 
considerable associated business savings (Granek, 2011). Various studies have linked 
effective waste minimisation to a whole raft of busine s benefits including improved financial 
performance, productivity and operational efficienci s (e.g. Nishitani et al., 2012; Testa et al., 
2012; Albertini, 2013). In this context, the relevant question here is whether EMSs can help 
firms improve their waste minimisation efforts and outcomes. 
 
2.1 Waste minimisation and ISO 14001 certification 
 
There is a growing body of research pointing to a positive relationship between firms’ 
environmental management systems and their success in improving their overall 
environmental performance (for an overview see Ferenhof, 2014). For example, studies by 
Kitazawa and Sarkis (2000), Iraldo et al. (2009) and Martin-Pena (2014)demonstrate how 
ISO 14001 EMS and EMS like standards assist organizations in operating source reduction 
programs and help produce environmental benefits including improved waste processing. 
Especially for SMEs, ISO 14001 was found to be particularly valuable because of the 
standard’s systematic nature (Granly and Welo, 2014)and in light of SME’s varied 
production modes and great diversity of pollutants they produce (Seiffert, 2008).   
 
With regards to waste minimisation, various European studies (see Steger 2000; Hillary, 
2004; Agan et al., 2013; Testa et al., 2014)have shown that that resource efficiency and 
pollution prevention were rated highly among firms a a tangible outcome of EMS 
implementation with similar findings produced by research in Brazil (Oliveira et al., 2010; 
Gavronski et al., 2013), the US (Melnyk et al., 2003; Franchetti, 2011) and Asia(Nguyen and 
Hens 2013; Zhang et al., 2014). Furthermore, the work by Potoski and Prakash (2005) and 
Massoud et al. (2012) suggests that ISO 14001 certified f rms experience significantly larger 
reductions in pollution when compared to non-certifi d companies. Also, studies by Zorpas 
(2010), Franchetti (2011), Comoglio and Botta (2012) describe improvements in firms’ waste 
management following EMS implementation. In the India  context, the work by Khanna 
(2010b) – while pointing to a limited uptake of formal EMSs among Indian SMEs – overall 
attests to the environmental effectiveness of EMSs among ISO 14001 certified firms. 
 
At the same time, various studies draw into question he linkages that are said to exist 
between certified and non-formalised EMSs and waste minimisation outcomes and in this 














markedly grown among SMEs, overall waste production has also been found to have 
trebled(Gerven et al., 2006), arguably producing only mixed environmental performance 
results among firms following ISO 14001 implementation and certification(see Turberfield, 
2002; Boiral, 2007). Barla (2007) and Gomez and Rodriguez (2011)also could not point to 
any empirical evidence showing EMS certification to cause a reduction in pollution levels. 
Further, Ilomaki and Melanen (2001) found that raw material cost as opposed to EMS 
certification were the key impetus for waste reduction efforts among Finnish SMEs, 
questioning ISO 14001 as an effective driver of waste minimisation. Certification may also 
be sought for reasons other than environmental improvement. Fryxell et al. (2004), for 
example, saw legal compliance and reputation enhancement as opposed to environmental 
performance improvements largely driving ISO 14001 uptake among Chinese firms. 
Similarly, Santos et al. (2011) found environmental protection as only one of a number of 
drivers of EMS adoption among Portuguese SMEs. 
 
Various studies have also cast doubt over the suggeted differences in environmental 
performance between ISO 14001 certified and uncertified firms. Zobel (2013), for example, 
found no difference in environmental performance betwe n certified and non-certified firms 
except that the waste production in certified firms increased by only 7% as compared to a 
35% increase observed in non-certified firms. Similarly, Barla (2007) could not identify 
discernible differences in environmental performance among certified and non-certified 
Canadian pulp and paper companies. Indeed, Amin and B erjee’s (2010) study on Indian 
steel mills suggests that peer companies operating under voluntary compliance regimes show 
better environmental performance results when compared to their ISO 14001 certified 
counterparts.  
 
Overall, it is fair to suggest that studies on EMS effectiveness have produced heterogeneous 
outcomes, which could be seen as a function of what is regarded an insufficient and 
ineffective empirical evaluation of EMSs efficacy (Strasser, 2011; Ferenhof et al., 2014). 
While some authors such as Hertin et al. (2008) raise methodological concerns about 
comparisons between EMSs and firms’ environmental performance and question whether 
ISO 14001 certification leads to improved environmetal outcomes, others call for greater 
consistency in indicator design and greater clarity when defining environmental performance 
(Jash, 2000; Rao et al., 2006; Hussey and Egan, 2007; Nawroka and Parker, 2009). Aravind 
and Christmann (2011) are critical of the overall lack of attention paid to EMS 
implementation and its connection to firms’ environmental performance, suggesting the 
decoupling of standard implementation from EMS certification. In this regard, Nawroka and 
Parker (2009) argue that the research focus ought to shiftaway from questions of whether or 
not EMSs affect performance and instead target the issue of how performance might be 
affected. 
 
As was shown previously, the SME sector is a vital part of the Indian economy, and its future 
success will critically determine the country’s future development. At the same time, SMEs 
contribute chiefly to India’s total industrial pollution load. This explains the need to address 
the environmental challenges the sector faces and to explore the role EMSs can play in this 
context. The above review of the literature made plain, however, that further empirical work 
is required to establish stronger links between ISO14001 uptake and certification and firms’ 
environmental performance in general and waste minimisation in particular. This study seeks 
to contribute by way of shedding light on the impact of EMSs on Indian SMEs’ 














question of whether waste minimisation differs between ISO 14001 certified and non-
certified Indian SMEs and the factors contributing to it.   
 
In what follows we describe the research framework developed for the purposes of this study. 
We establish a set of research hypotheses, which are then tested to ascertain the degree to 
which EMS uptake and certification drive environmental improvements in Indian SMEs. 
 
3.  Study design  
 
The study reported on here tests the relationship between firms’ certification status and their 
environmental management performance, understood in terms of waste management.  
Specifically, the study seeks, and is designed to test research hypotheses to analyse this 
relationship. 
 
3.1 Research framework and hypotheses development  
 
There is growing empirical evidence in support of a positive relationship between ISO 14001 
certification and firms’ environmental management performance (e.g. Melnyk et al., 2003; 
Potoski and Prakash, 2005; Iraldo et al., 2009; Martin-Pena, 2014; Ferenhof, 2014). In this 
context, the literature points to so-called ‘critical factors’ (see Padma et al., 2008) that are 
said to affect ISO 14001 effectiveness, and Amin and Banerjee (2010) call for further 
research into these factors to create a better understanding of the state of ISO 14001. Various 
studies have already explored the impact of various factors on EMS efficacy.  Singh, 
Brueckner and Padhy (2014), for example, explore the role of factors such as nature of 
business, business size, internationalisation, age of business and firms other certification 
experiences, while the work by Stevens et al. (2012) focuses on organisation size, cladistics 
and the use of quality management concepts.  Furthermor , Melnyk et al. (2003) study the 
state of the EMS, age of the EMS (years), resource availability (4 quartile sales) and nature of 
company ownership as factors affecting EMS effectivness. Padma et al. (2008) target factors 
such as international exposure, export orientation and experience as key aspects affecting the 
effectiveness of ISO 14001. A recent study by Singh et al.(2014) controlled the above 
variables, designating them as firms’ characteristics because of their significant influence on 
firms’ decision-making and adoption of proactive environmental management practices. 
 
Based on Singh, Brueckner and Padhy ’s (2014) work in the Indian context five factors are 
chosen as covariates for the purposes of this study. The rationale for their selection is 
presented below. 
 
• nature of business; 
• resource availability; 
• number of employees; 
• international exposure; and 
• number of environmental options. 
 
Nature of business 
Nature of business of SMEs in this study refers to ei her manufacturing or service. The 
relationship between the nature of firms’ activities and their ISO 14001 certification status 
has been established by several studies. Manufacturers are generally found to be the first 
movers in ISO 14001certification (Blackman, 2012; King et al., 2005; Lagodimos, 2007; 














study area are significant generators of solid waste in the form of E-waste (white goods, 
cellular phones and PCs) as well as scrap metal, packaging/paper and plastics, which can 
prove hazardous to human if managed incorrectly (Wath et al., 2011). Many countries have 
already worked towards E-waste management. However, the impact of ISO 14001 
certification in connection with E-waste was beyond the scope of this study. It is assumed for 
the purposes of this paper that the nature of the businesses studied will have a measurable 
impact also on their environmental performance (waste minimisation), and the ‘nature of 
business’ is thus chosen as one of the independent variables for this study that could 
independently and potentially contribute to the extent of firms’ waste minimisation efforts. 
As suggested by Singh et al.(2014),more sophisticated environmental management practices 
can be found in the manufacturing sector when compared to the service sector, which Zobel 
(2013) attributes to a stronger interest in environme tal performance among manufacturing 
firms; this, however, is yet to be determined empirically. 
 
Resource availability and number of employees 
Cost of certification is widely recognised as a certification barrier. Unsurprisingly many 
studies find ISO uptake to occur primarily among larger firms with the requisite financial 
means (e.g. del Brio et al., 2001; Hillary, 2004; Lagodimos et al., 2007; Nishitani, 2009; 
Khanna, 2010a; Campos, 2012; Agan et al., 2013; Halila nd Tell, 2013). Similarly, SMEs 
among the 200 small and large companies in Hong Kong studied by Chan and Li (2010) 
regard a lack the resources and expert help as key problems with the ISO14001 
implementation, with only 7% of the total SME population expressing an interest in the 
future adoption and implementation of the ISO 14001 standard. In contrast, larger and more 
experienced firms are seen to be more likely to achieve effective EMS implementation and to 
realize long-term benefits from ISO 14001 certification (Padma et al., 2008; Martín-Peña et 
al., 2014). Consequently, ‘resource availability’ and ‘number of employees’ are chosen as 
independent/control variables for this study that could independently contribute to the extent 
of waste minimisation efforts in firms. The unit ofmeasurement for the variable ‘r source 
availability’ in our study is companies’ turnover on sales (per annum). 
 
Business abroad 
Experiences from different developing countries show that large companies trading 
internationally are more likely to be ISO 14001 certifi d (Christmann and Taylor, 2001; Zeng 
et al.,2009;Montiel and Husted, 2009; and Blackman and Guerrero, 2012). The stronger 
interest in EMS uptake among export-orientated firms Qi et al. (2011) attribute in part to 
certification pressures applied by customers, especially in western markets (To and Lee, 
2014), as well as to firms’ desire to signal good environmental practices (see also Heras-
Saizarbitoria, Molina-Azorín, Dick, 2011). International exposure will thus also be tested in 
this study in connection with SMEs.  The ‘business abroad variable’ will be used to 
investigate whether trading internationally leads to improved environmental performance 
(waste minimisation) among SMEs.  
 
Number of environmental options 
Melnyk et al.’s (2003) study of Finnish SMEs examined the extent to which ISO certified 
firms considered various environmental options, showing that EMS certification had a 
significant and positive impact on waste management practices among certified firms. 
Certified firms were found to consider a wider range of environmental practices when 
compared with their non-certified counterparts.  Similarly, Johnstone and Labonne (2009) 
identified certified manufacturing facilities in seven OECD countries as being more 














financial performance (Llach et al., 2013)) and to employ a greater variety of environmental 
management tools. The US-based study by Florida and D vison (2001) also revealed that ISO 
14001-certified firms had implemented other voluntary environmental tools to a greater 
extent than firms without an EMS. Analogously, in this study we examine whether the 
number of environmental options taken up by SMEs affects the extent of waste minimisation 
by firms. The inclusion of this variable will help build a more robust regression model to 
explore the influence of ISO-14001 certification of SMEs on waste minimisation. Figure 1 
below details the environmental options adopted by SMEs in both Delhi and Noida. 
 
Place Figure 1: Environmental options chosen by SMEs (shown as a percentage) 
 
The following research hypotheses are drawn to be tested to separate the influence of the 
covariates on the relationship between the ISO 1400 status of SMEs and their degree of 
waste minimisation. 
 
H1: There is a significant relationship between “ISO 14001 Status” of SMEs and the 
degree of Waste Minimisation when five other covariates are controlled in the relationship.  
 
H2: There is a significant relationship between “ISO 14001 Status” of SMEs and the 






This paper is based on analysis of data derived from SMEs operating in the cities of Delhi 
and Noida. Companies were identified through the Sunrise Consultancy Services database 
(see www.fundoodata.com) for which an online subscription was obtained for a period of six 
months (15 February - 15 August 2013). Database accss meant that the names of all 
registered businesses from the two regions as well as the contact details of company key 
personnel could be obtained. 
 
Companies were surveyed by way of structured questionnaires. The survey comprised close-
ended questions to measure the independent and control variables, state of EMS; number of 
employees; resource availability (in terms of annual t rnover on sales); nature of business; 
international business(referred as business abroad); nd number of environmental options 
available in companies. The survey also included questions to measure the dependent 
variable, extent of waste reduction in Indian SMEs. All responses were recorded along 5-
Point Likert Scales. 
 
The methods employed for the purposes of this study b ild on best practice recommendations 
derived from the literature.  Specifically, the research audits waste generation in companies 
as opposed to environmental impacts (Natu,1999) targe ing specific aspects with potentially 
wide-reaching environmental impact (Seiffert, 2008). The work is aligned with the audit 
methodology employed by van Berkel (2004), originally developed to investigate the 
applicability of waste minimisation in developing countries (van Berkel, 1996). For the 
Indian MSME context we focused on eight generic practices, good housekeeping, input 
material change, better process control, equipment modification, technology change, onsite 
recovery and reuse, production of useful by product and product modification. The survey 














reliability of the instrument was checked with the Conbrach’s alpha score of 0.938. A 
common factor analysis using principal axis factoring was conducted using Varimax rotation. 
Kaiser-Meyer-Oklin as a measure of sampling adequacy was 0.556, which is moderate to 
good. Bartlett's Test of Spherecity (2975.735 at p=0.000) confirms the validity of the choice 
to consider all 48 items in the scale. The reliabilty and validity tests confirm the usefulness 
of the questionnaire in the context of Indian SMEs for similar studies. 
 
The population of the study was determined with refer nce to the total number of SMEs with 
a turnover of equal or more than 1 Crore INR (~US$ 166,666) operating in the two cities.  
According to Fundoodata.com there are 150 SMEs operating in Noida and 390 SMEs in New 
Delhi meeting the study criteria. Approximately 400 SMEs were selected randomly, and 
questionnaires were sent off (by mail and/or personal delivery) to be completed either by 
senior management, key environment officers or resource allocators. There were two e-mail 
follow-ups for all 400 SMEs following the survey mail-out. Prior to survey administration, 
the survey tool was piloted involving four SMEs (both certified and non-certified) to test the 
questionnaire design. Pilot data are not reported on in this paper. 
 
Of the 400 companies invited to participate in thisstudy a total of 63 firms responded with 24 
companies from Noida and 39 companies from Delhi. Out of the 63 companies 31 (49.2%) 
are manufacturers and 32 (50.8%) are service providers. CEOs, General Managers, 
Environmental manager, Manager-operations, Manager-quality assurance, Manager-HR are 
among the respondents. Manufacturers of Auto-component, Electrical and electronics goods, 
Steel Pipes, leather, Lighting products, textile, psticides, plastics and chemicals are among 
the responding manufacturing companies whereas IT product sellers and solution providers, 
TV, studio, 3d animation, hotel and hospitality and medical related companies are among the 
respondents that are service providers. A total of 12 (19%) are ISO 14001 certified whereas 
51 (81%) are not ISO 14001 certified. For the purpose f analysis the ‘resource availability’ 
category was divided into three groups along turnover figures. There are 18 (28.6%) SMEs 
with an annual turnover of 1-5 Crores, 22 (34.9%) with 5-10 Crores and 23 (36.5%) with 
above 10 Crores. 
 
The survey comprised a total of 48 self-structured questions to measure the extent of waste 
reduction in Indian SMEs, and responses were recordd along 5-Point Likert Scales. The 
reliability of the instrument was checked with the Conbrach’s alpha score of 0.938. A 
common factor analysis using principal axis factoring was conducted using Varimax rotation. 
Kaiser-Meyer-Oklin as a measure of sampling adequacy was 0.556, which is moderate to 
good. Bartlett's Test of Spherecity (2975.735 at p=0.000) confirms the validity of the choice 
to consider all 48 items in the scale. 
 
For the purposes of this study waste minimisation was taken as an environment aspect to 
measure SMEs’ environmental performance. In line with Seiffert (2008, 1455), this study 
considered a range of environmental practices for the measurement of waste minimisation, 
including reduction at source and reuse of the products as well as quality improvements and 
recycling (OECD workshop, 1996; EEA, 2002). Moreover, it is assumed in this study that 
EMS adoption will improve waste minimisation in medium–sized enterprises when compared 
to medium–sized enterprises without an EMS.  The critical factors (see Singh et al. 2014) 
listed below are treated as independent variables in this study: 
 
• EMS status (X1),  














• resource availability (X3),  
• number of employees (X4),  
• business abroad (X5); and  
• number of environmental options (X6).  
 
A research model (see Figure 2) has been put forth d awing on the independent and 
dependent variables identified in the literature to be tested, targeting SMEs with a turnover on 
sales over 1 Crore INR from the two Indian cities of Delhi and Noida. The model shows the 
relationship between the theoretical constructs and the variables. Hypotheses testing will 
reveal whether there is a significant positive relationship between ISO certification and waste 
minimisation in SMEs when all other related factors that may significantly influence this 
relationship are kept constant.  
 
Place Figure 2: Proposed research model 
 
 
4. Study results 
The results are analysed based on a response rate of 16% (63 out of 400 firms).Several 
individual tests were conducted to verify that the variables satisfy the assumptions of multiple 
regression data analysis; firstly, the test for normality, linearity and homogeneity and 
secondly, significant correlation among dependent and independent variables in the model 
developed for the regression analysis. 
 
4.1 Assumptions testing 
Univariate normality was tested for the dependent variable (waste minimisation). Table 2 
shows the calculation of the Shapiro-Wilk statistic (for sample<100). The significance level 
was greater than 0.05 (p>0.05), and so a normal distribution in the sample, drawn to measure 
the degree of waste minimisation, was assumed. 
 
Place Table 2:  Tests of Normality 
Correlational measures of association are explained by Linearity. It is important to find out 
the non-linearity that may affect the correlation as it may not correctly estimate the actual 
significance or strength of the relationship. The assumption of linearity was checked by 
running a simple regression to examine the residuals for any probable non-linear portions in 
the scattered partial regression plots. A shown in the scattered plots in Figure 3, no non-linear 
element was detected.  
 
Place Figure 3: Test for Linearity 
 
As argued by Hair et al. (2010, 74) “homoscedasticity s desirable because the variance of the 
dependent variable being explained in the dependence relationship should not be 
concentrated in only a limited range of the independent variables”. This study thus allowed 
for a ‘fair test’ of the relationship across all values of the non-metric variables (all six 
independent variables and co-variables in this study).   
 
Independent sample t-tests were conducted through the Levene test for equality of variances 
in SPSS to test this assumption. The Levene test results shown in Table 3 confirm the 
homoscedasticity (i.e., the spread of the degree of waste minimisation among each groups of 














confirmed homogeneity, while showing significant improvement in WM when 5 or more 
environmental options were adopted by SMEs. 
 
Place Table 3: Test for Homoscedasticity 
 
Simple bivariate correlation, or zero order correlation, was run to measure the linear 
relationship. The Karl Pearson’s coefficient of correlation (r) has a range of possible values 
from -1 to +1. The value of r indicates the strength, and the sign indicates the direction of the 
relationship (Coakes, Steed and Price, 2008, 58). The Karl Pearson’s coefficient assumes that 
a large number of independent causes are operating in both variables so as to produce a 
normal distribution (Kothari, 2004,139). The correlation matrix in Table 4 shows the scores 
of the independent variables that are associated with scores of dependent variable (WM). The 
matrix shows a strong relationship between variables X3 and X4, creating a problem of 
multicollinearity, which may distort the value of regression coefficients. To reduce this 
problem, after a stepwise multiple regression with all six independent variables, we kept open 
the option of removing one of these two independent variables after testing their significance 
in the study through a confirmatory regression analysis and to remodel the regression 
equation. 
 
Place Table 4: Correlations 
 
4.2 Multiple regression analysis 
 
Stepwise regression-I (to test proposed model fit) 
 
Looking at the significant differences across the groups, X3 was first entered into the model.  
A high correlation was found between X3 (Resource avail bility) and X4 (No. of employees) 
with a 1-tailed Pearson’s correlation coefficient of 0.609 at .01 significance level (see Table 
4). We entered X4 to examine its probable impact on he R2 change. When X4 was entered, 
the adjusted R2valueas shown in Table 5 was both lower (0.073) andmore significant 
(p=0.011<0.05) when compared to Model-1 in the regression. Due to high multicollinearity, 
the Beta score for X3 and X4 was evaluated. X3 was kept with a higher beta score (0.227) 
and entered into Model-2 along with X4 (beta score is 0.130). As shown in Table 7, the 
variance in WM was not significant for X4 when both X3 and X4 were entered in the 
regression. It was on that basis that X4 was removed from the model.  
 
Table 6 explains significant differences among the groups in all the independent and 
covariables. When all the six variables were entered as in the proposed model, as shown in 
Table 5, the overall model fit explained 36.3% variance in waste minimisation due to the six 
independent variables at0.017 significance level showing a good model fit. Figure 4 explains 
normality, linearity and homoscedasticity of residuals. Also, Table 5 shows that the F change 
(1,55) value of 6.081 is greater than the critical table value (4.28) and thus significant at .05 
level of significance.  
 
In the proposed regression equation, X6 and X2 were found to be highly influential in 
variance in degree of waste minimisation. Notwithstanding, an alternative model was 















1. Despite a good model fit, a low ‘adjusted R2‘resulted when X3 and X4 were entered 
together, confirming high multicollinearity among these two variables, which may cause 
the distortion of results. 
 
2. The impact of X1 (ISO 14001 Certification status) on the degree of waste minimisation 
could not be determined in context with the five other covariates (X2, X3, ... X6) in the 
study. The result of the t-test for X1 was insignificant (p=0.073>0.05) and thus showed 
no significant impact on WM. This was also the case for other variables (X3,X4 and X5).  
 
Place Table 5: Model summaryg 
 
 
Place Table 6: ANOVA resultsg 
 
Place Table 7: Coefficientsa 
 
Place Figure 4: Normality, linearity and homoscedasticity of residuals 
 
 
Place Figure 5: Alternative model for regression analysis (X4 excluded) 
 
 
Stepwise regression-II (to test alternative model fit) 
 
Table 8 shows that F change (1,56) value of 6.185 is greater than the critical table value of 
4.28 and thus significant at .05 level of significan e. 
 
The alternative regression model (see Figure 5) wasdesigned with five factors, while 
omitting X4. Table 9 explains significant differences among the groups in all the independent 
and covariables in this model. When only 5 variables were entered in the model the overall 
model fit explained 36.3% variance in waste minimisation due to the five independent 
variables a .016 significance level. The significance level improved by 0.001 (see Model-5 in 
Table 8) while the variance in waste minimisation remained the same. A s both the proposed 
and the alternative model explain the same level of variance there is a clear indication that X4 
is a non-contributing factor. As such, the deletion of X4 had no impact on the overall R2 
result in the regression analysis. Figure 6 explains the assumptions for the residuals in 
regression. 
 
Place Table 8: Model summaryf 
 
Place Table 9: ANOVA resultsf 
 
Place Table 10: Coefficientsa 
 
Place Figure 6: Normality, linearity and homoscedasticity of residuals 
 















The testing of the proposed model led us to delete one non-significant variable (X4) from the 
regression equation (see Figure 4), and Hypotheses H1 and H2 were revised accordingly. 
 
H1: There is a significant relationship between “ISO 14001 Status” of SMEs and the degree 
of waste minimisation when four other covariates are controlled in the relationship  
 
H10: The difference of variance in WM due to ISO 14001 certification is Zero, H10:β1=0 
H1a: There is a difference in variance in WM due to ISO 14001 certification, H1a: β1 ≠0 
 
β1 (partial correlation coefficient of X1)  =  (-0.416) ≠Zero (β1 is calculated after removing 
the variance of other predictors that are common with the main predictor X1)  
 
The alternative hypothesis (H1a) is accepted. 
 
 
The Relationship between isolated X1 (0-Cerified an 1-uncertified) and WM: 
 
Waste minimisation is 0.42 points higher in ISO 14001 certified companies than in 
uncertified companies.  
Y = β0+β1X1 [where, β1 is the Zero-order correlation coefficient]  
WM= 208.981+(-0.42) (0) = 208.981 for ISO 14001 certifi d SMEs 
WM= 208.981+(-0.42) (1) = 208.561 for uncertified SMEs 
 
H2: There is a significant relationship between “ISO 14001 status” of SMEs and the degree 
of waste minimisation when the influence of four other covariates is considered in the 
relationship 
 
H20: The difference of variance in WM due to all five(X1, 2, … X5) independent variables 
is zero, H20: β1=β2=β3=β5=β6=0 
H2a: There is a difference in variance in WM due to at least one out of five 
(X1,X2,…X5)independent variables, H2a: β1≠β2≠β3≠β5≠β6≠0 
 
β1= -0.237 (p=.05, thus, there is a significant variance in the relationship) 
β2= -0.311(p=.02<.05, thus, there is a significant variance in the relationship) 
β3= -0.030(p=.82> .05, thus no significant variance in the relationship) 
β5= -0.126(p=.35>.05, thus no significant variance in the relationship) 
β6= 0.228(p=.04<.05, thus, there is a significant variance in the relationship) 
 
The alternative hypothesis (H2a) can be accepted, if variance in WM due to any one variable 
is not equal to zero. We have only one variable β3 which is close to zero (0.030), and all 
remaining variables are either less or greater thanzero. β1 (correlation coefficient of X1) = (-
0.237) where, ϸ=0.05, the alternative hypothesis (H2a) is marginally accepted. 
 
The Relationship between X1 (0-Cerified and 1-uncertified) inclusive of the effect of other 
potential predictors of waste minimisation and WM:  
Waste minimisation is 0.24 points higher in ISO 14001 certified companies than in 















Y = β0+β1X1+β2X2+β3X3+β5X5+β6X6 [where, β1,β2, β3, β5, β6 are the Partial 
correlation coefficient] 
WM= 208.981+(-.24) (0) +(-.32) X2+(.03)X3+(-.126)X5+(.228)X6 for ISO 14001 certified 
SMEs 
WM= 208.981+(-.24) (1) +(-.32) X2+(.03)X3+(-.126)X5+(.228)X6 for uncertified SMEs 
 
The coefficients in Table 10 confirm that the ISO 14001 certification status of SMEs alone 
leads to waste minimisation as well as when considered with 4 other covariates. This result 
was confirmed also by the ANOVA test with WM as dependent and ISO 14001 status (X1) as 
the independent variable and by entering X2,X3, X5 and X6 as covariates in the analysis of 
variance. 
 
Significant F-change (p=0.016<0.05) confirmed a significant degree of variance in waste 
minimisation due to all the factors considered in the model including X1. 
 
Two of the hypotheses are accepted with a good altern tive model fit. The stepwise 
regression results for the alternative model are analyzed below: 
 
1. The Beta score in Model-3 (see Table 10) for X1 was-0.286 when entered with X3 and 
X5, the silent predictors of waste minimisation in this model. The t-value (-2.270) for X1 
indicated greater variance among certifiers and non-certifiers. This suggests that for 
every unit increase in uncertified SMEs, there will be 0.286 point decrease in waste 
minimisation. Because the ‘state of ISO 14001’ was coded 0/1[0= certified, 1= not 
certified], it can be predicted that waste minimisation would be 0.29 points lower in non-
certified companies. In Model-3, the ‘partial correlation coefficient’ for X1 ‘state of ISO 
14001’ was also recorded at -0.286 and did not change. This explains the sole (without 
any overlap of influences from other covariates) effect of ‘state of ISO 14001 (X1)’ on 
waste minimisation when the effects of two other covariates are either kept constant or 
are eliminated. Except X1, neither X3 nor X5were signif cantly influencing WM in this 
model after X1 was entered into the regression analysis. X3 and X5 in this analysis are 
referred to as silent predictors of WM. 
 
2. The Beta score in Model-4 (see Table 10) for X1 was-0.278 when entered with X3, X5 
and X6, the silent predictors of waste minimisation n this model. The t-value was 
reduced (-2.255) for X1, indicating a variance in WM between certifiers and non-
certifiers. It can be interpreted that for every unit i crease in uncertified SMEs, there will 
be 0.278 point decrease in waste minimisation. Because the ‘state of ISO 14001’ is coded 
0/1[0= certified, 1= not certified], the predicted waste minimisation would be 0.28 
points(.01 less than in Model-3) lower in SMEs that are not certified. In Model-4, the 
‘partial correlation coefficient’ for X1 ‘state of ISO 14001’ was -0.286 (same as 
compared to Model-3). This explains the sole effect of ‘state of ISO 14001 (X1)’ on 
waste minimisation when the effects of three other covariates are kept constant or are 
eliminated. Variables X3, X5 and X6 (except X1) did not significantly influence WM 
when X6 was entered to the regression analysis. 
 
3. The Beta score in Model-5 (see Table 10) for X1 was -0.237 when entered with X3, 
X5,X6, the silent predictors of waste minimisation, and X2 in this model. The t-value 
was further reduced (-1.985) for X1, indicating variance in WM among certifiers and 
non-certifiers. This suggests that for every unit icrease in uncertified SMEs, there will 














0/1[0= certified, 1= not certified], the predicted waste minimisation would be 0.24 
points(0.04 less than in Model-4) lower in SMEs that are not certified. In Model-5, the 
‘partial correlation coefficient’ for X1 ‘state of ISO 14001’ is -0.256 (0.03 points lower 
as compared to Model-4). This explains the sole effct of ‘state of ISO 14001 (X1)’ on 
waste minimisation in a condition where the effects of four other covariates were kept 
constant or were eliminated. Variables X3, X5 and X6 (except X1 and X2) did not 
significantly influence WM when X2 was entered into the regression analysis. 
 
5. Discussion  
 
The study discussed in this paper included both certified and non-certified companies to test 
empirically the impact of ISO 14001 certification on the environmental performance of 
SMEs.  As suggested previously, this issue has beenraised by numerous studies but to this 
day produced only limited and conflicting empirical data. In this paper, waste minimisation 
was used as a tangible measure of environmental performance, including all probable forms 
of waste (solid, liquid and gaseous) that could be generated in SMEs. This helped reduce the 
problem of time and resource requirements in conducting waste audits or getting access to the 
audit results. The analytical tools described in this paper lend themselves to be applied to 
similar research problems in future studies. The use of Beta scores, which were analysed to 
understand the relationship between the different variables under investigation, has the 
advantage of eliminating the problem of dealing with different units of measurement in any 
of the variables. The use of standardized data witha common unit of measurement allowed 
for the identification of the independent variables with the most impact (see Hair et al., 2010, 
199).  
 
The findings in this study point to the partial effect of ‘state of EMS in SMEs (X1)’ on waste 
minimisation efforts in SMEs.  This was significant (β=0.256) (see Table 10) when the 
regression coefficient (β) was standardized to 1. The data showed that ISO 14001 
certification was responsible for a 25% variance in waste minimisation efforts between 
certified and uncertified firms. The Zero-order correlation coefficient (-0.416) was even 
higher when the influence of other covariates was ignored. In expounding, a variance of 42% 
could be found in the waste minimisation efforts between certified and uncertified 
companies, which was the result of ISO 14001 certifica on as well as two other factors, 
namely ‘nature of business’ (X2) and ’number of environmental options’ (X6).  Thus, this 
study helps substantiate arguments for the positive role of ISO 14001 certification in SMEs in 
India. The findings also highlight the impact of the two covariates ‘nature of business’ (X2) 
and ‘number of environmental options’ (X6).  Both were found to have strong partial effects 
on the degree of waste minimisation, meaning that mnufacturing SMEs and those with a 
large number of environmental options are likely to be successful in achieving waste 
reductions. The fact that manufacturers were found to be more likely waste minimisers may 
be related to the fact that they are generators of all kinds of wastes but at the same time 
underneath the radar of the pollution boards. Manufct ring Indian SMEs may therefore use 
ISO 14001 certification as a ‘signalling device for performance’ to environmental 
stakeholders such as international customers, which was found to be underlying the early 
adoption (Heras-Saizarbitoria, Molina-Azorín, Dick, 2011) and diffusion of ISO 14001(Qi et 
al., 2011, 1255). As mentioned earlier, ISO uptake mong manufacturing SMEs may also be 
driven by a sector-specific certification culture, as ISO 14001penetrations is generally greater 















To better understand the environmental efficacy of ISO 14001 certification further targeted 
research is needed, focusing specifically on SMEs’ environmental management performance, 
which to this day – even among firms with EMS uptake – is rarely found to be effective 
(Ferenhof et al., 2014). Nowrocka and Parker (2009) in this regard suggest a more nuanced 
treatment of EMSs and improvements in environmental performance to facilitate the 
identification of the factors influencing firms’ environmental performance and the 
strengthening of mechanisms to further improve it. The study by Jabbour et al. (2013) 
arguably answered to some extent why ISO 14001 (as one variable for environmental 
management) leads to better environmental performance. Their work revealed a highly 
significant relationship between ISO 14001 and lean manufacturing, suggesting that lean 
manufacturing helps improve environmental management and in turn improves operational 
performance. Future studies may thus focus on the question of ‘how’ EMS helps improve 
environmental performance (Nowrocka and Parker, 2009). However, critical to such research 
efforts – as suggested by Hussey and Eagan (2007) – is a shared understanding of the 
meaning of good environmental performance. For the last 10 years there have been growing 
calls in the literature for the development and use of standardized environmental indicators as 
a means of gauging firms’ performance and EMS efficacy of SMEs; a need arguably 
reflected in the release of the ISO 14031:2013 and ISO 14005:2010 standards, which offer 
guidance on the design and use of environmental performance evaluation and the integration 
and use of environmental performance evaluation techniques respectively. While there is 
cause for caution concerning the design of environmental indicators due to the uncertainty 
factor that can affect their accuracy and meaningful ess (see Perotto et al., 2008), the use of 
indicators is widely welcomed for they are seen to offer firms benchmarking opportunities 
and a basis for comparison of environmental performance as well as assist SMEs in tracking 
their environmental management performance even in the absence of a formalized EMS (see 
Jash, 2000; Rao et al., 2006). The adoption of a lie-cycle perspective in this regard can 
complement indicator design and provide more detailed nsights into the environmental 
performance of SMEs (see Muñoz et al., 2013; Zhang et al., 2014). 
 
Notwithstanding concerns about EMS efficacy, the data presented in this paper speak to the 
role of ISO 14001 certification in reducing waste gneration in Indian SMEs, and as such 
offer clues to policy makers for advancing the environmental agenda in the country’s SME 
sector. It was shown earlier that industrial waste generated by SMEs in India is posing a 
serious and growing threat to human and environmental health. India has a rich history of 
environmental policy-making, yet environmental regulation has thus far been unable to arrest 
the rate of environmental deterioration in the country (Dasgupta, 2000). While there are good 
grounds for tighter direct environmental regulation a d improved enforcement (Misra and 
Pandey, 2005; Greenstone and Hanna, 2011; Wath et al., 2011), an ongoing policy focus on 
voluntary ISO certification may also be well justified. Since 2002, the Indian government has 
been encouraging the uptake of ISO 9000 and 14001 among small-scale sector enterprises.  
The government scheme offers the reimbursement of the cost of acquiring ISO-9000/ISO-
14001/HACCP certifications to the extent of 75% of the expenditure subject to a maximum 
of Rs. 75 000 (~ $US1370).  The outcomes of this scheme are not known and have not been 
analyzed systematically as part of the country’s five-year plans. Certification data would 
suggest, however, that the scheme has traction even though ISO 14001uptake in India is still 
much slower than in countries such as China and Thailand (ISO, 2011). Indian government 
data (DCSME, 2009, 20) for the 2006-07 survey period suggest that 13602 ISO 14001 
certificates were obtained by SMEs with 9323 certifications being ISO 14001 certifications 
and 4279 certificates being for both ISO 14001 and ISO 9000.As the cost associated with 














2000; Rao et al., 2006), EMS alternatives with comparatively lower adoption and 
implementation cost may well be worthy of consideration in this regard for they could help 
accelerate environmental improvements in the small-sc e business sector (Heras and Arana 
2010; Campos, 2012; Granly and Welo, 2014). At the same time, however, such alternatives 
do require strong environmental rules and regulations to ensure that environmentally 
meaningful outcomes are achieved, and effective enviro mental policy-making and 
enforcement cannot be assumed in developing country contexts. In this sense, the contextual 
fit of alternative EMS models would also need to be considered. 
 
Overall, the data presented in this paper, which reflect the findings from the international 
literature (e.g. Steger, 2000; Melnyk et al., 2003; Hillary, 2004; Potoski and Prakash, 2005; 
Khanna, 2010b; Oliveira et al., 2010; Zorpas, 2010; Franchetti, 2011; Comoglio and Botta, 
2012; Massoud et al., 2012; Martín-Peña et al. 2014; Testa et al., 2014; Nguyen and Hens, in 
print), lend support to government initiatives aimed at improving waste management in 
industry by way of encouraging ISO 14001 certification. However, as the data were derived 
from a two-city study only, further work is needed to test empirically the relationship 
between firms’ ISO certification status and their environmental management performance. 




The study reported on in this paper sought to test the relationship between SMEs’ ISO 14001 
status and the degree of waste minimisation found within those firms. This relationship was 
tested while a) controlling the influence of critical factors (H1) and b) considering the effect 
of critical factors (H2). The study was conducted involving both ISO 14001 certified and 
uncertified SMEs. 
 
The findings suggested that ISO 14001 certification alone helped account for a 25% 
reduction in waste among certified companies. The variance between certified and uncertified 
firms rose to 42% when other critical factors were considered.  Key factors were ‘nature of 
business’ and the ‘number of environmental options’ available to firms. Overall, 
manufacturers and firms with a large number of environmental options were found to be 
more successful waste minimisers. 
 
We acknowledge that the low response rate of 16% (63 out of 400 firms) is a key limitation 
of this study, critically affecting the generalisability of its results, which thus need to be seen 
as indicative only.  Further, similar to most research undertaken to date in the EMS field, this 
study has also been quantitative in nature and consequently been unable to delve deeper into 
the integration of the ISO standard in SMEs and potentially reflected only the dominant in-
house biases of the SME managers who have responded to the survey (Borial, 2007). 
Relatedly, the study neither lends itself to imputations on the motivations underlying the 
uptake of ISO 14001 certification among SMEs (Bansal and Roth, 2000) nor an assessment 
of the extent to which ISO 14001 certification has been internalised (Qi et al., 2012). As 
identified in a series of studies (e.g. Fryxell et al., 2004; Gavronski et al.,2013; King et al., 
2005),firms’ motivations for ISO 14001 affect their nvironmental management performance. 
Companies may well adopt ISO 14001 as a means of merely signalling good environmental 
practices to market while in real terms their environmental performance may indeed be lower 
than that of their peers(e.g. Bansal and Hunter, 2003). While work in this area is starting to 
















The model employed in this study and the data overall p ovide nonetheless a good basis for 
future research on EMS effectiveness in SMEs. The results point to the efficacy of ISO 14001 
certifications it relates to waste minimisation and mirror the results of comparable studies 
(e.g. Franchetti, 2011; Montabon et al., 2000; Melnyk, 2002; Nguyen and Hens, in print; 
Potoski and Prakash, 2013; Zhang et al., 2014) that also show a significant decrease in waste 
generation consequent to ISO 14001 certification. In this regard, government efforts seeking 
to drive the voluntary uptake of ISO 14001 certificat on among Indian SMEs play a vital role 
in improving firms’ waste performance and may indeed, as suggested by To and Lee (2014), 
help bolster the international competitiveness of export-orientated SMEs. As such, the 
ongoing – albeit slow – diffusion of the ISO 14001 standard among Indian SMEs helps drive 
waste minimization and may indeed contribute to an overall reduction in environmental 
impacts of the country’s small-scale sector. Yet, as suggested earlier, the overall 
environmental effectiveness of ISO 14001 in SMEs is yet to be established. 
 
While this study offers critical insights into the Indian certification environment, further 
research is needed to fully understand the status and impact of ISO 14001 certification in 
India, requiring both qualitative and quantitative work. Future research may then also focus 
on the aforementioned issue of E-waste generation by service SMEs and test the significance 





Agan, Y., Acar, M.F., Borodin, A, 2013. Drivers of environmental processes and their impact 
on performance: a study of Turkish SMEs. J.Cle. Produc. 51, 23-33. DOI : 
10.1016/j.jclepro.2012.12.043 
Albertini, E., 2013. Does environmental management improve financial performance? A 
meta-analytical review. Org.&Enviro, 26, 431-457. 
DOI:10.1177/1086026613510301 
Amin, M.R., Banerjee, S., 2010. Benchmarking environmental performance: Five leading 
steel mills in India. Ben. Intern.J. 17(3), 378-395. 
DOI:10.1108/14635771011049353 
Aravind, D., Christmann, P., 2011. Decoupling of standard implementation from 
certification: does quality of ISO 14001 implementation affect facilities' 
environmental performance?. Bus. Eth. Quarte. 21(1), 73-102. 
Babakri, K.A, Bennett, R.A., Rao, S., Franchetti,M., 2004. Recycling performance of firms 
before and after adoption of the ISO 14001 standard. J. Cle. Produc. 12, 633-637. 
DOI: 10.1016/S0959-6526(03)00118-5 
Bansal, P., Roth, K., 2000. Why companies go green: A model of ecological responsiveness. 
Aca. Manage. J. 43, 717-736. DOI: 10.2307/1556363 
Bansal, P., Hunter, T., 2003.Strategic Explanations f r the Early Adoption of ISO 14001. J. 
Bus. Ethics 46, 289-299. DOI: 10.1023/A:1025536731830. 
Barla, P.,  2007. ISO 14001 certification and environmental performance in Quebec’s pulp 
and paper industry. J. Env.l Eco. Manage. 53 (2007) 291–306. 
DOI:10.1016/j.jeem.2006.10.004 
Basha, G.A., 2013. Problems and prospects of small and medium enterprises in India.Sha. 














Blackman, A., 2012. Does eco-certification boost regulatory compliance in developing 
countries? ISO 14001 in Mexico.J. Reg. Econo. 42, 242-263. DOI: 10.1007/s11149-
012-9199-y 
Blackman, A., Guerrero, S., 2012. What drives voluntary eco-certification in Mexico?.J. 
Comp.Econom. 40, 256-268. 
Boiral, O., 2007. Corporate greening through ISO 14001: a rational myth?.Org. Science. 
18(1), 127-146. DOI: 10.1287/orsc.1060.0224 
Bracke, R., Albrecht, J., 2007. Competing environmetal management standards: How ISO 
14001 outnumbered EMAS in Germany, the UK, France, and Sweden. Env. Pla.C: 
Gov.Policy. 25, 611 -627. DOI:10.1068/c0602j 
Campos, L., M.,S.,  2012. Environmental management systems (EMS) for small companies: a 
study in Southern Brazil. J. Cle. Produc. 32, 141-18. 
DOI:10.1016/j.jclepro.2012.03.029 
Central Pollution Control Board, 2014.Frequently Asked Questions. Online at: 
http://www.cpcb.nic.in/faq2.php. Accessed 6 May 2014. 
Chalmin, P., Gaillochet, C., 2009. From waste to resource, An abstract of world waste 
survey, Cyclope, Veolia Environmental Services, Edition Economica, France. 
Chan, K., Li,  X., 2010. A study of the implementation of ISO 14001 environmental 
management systems in Hong Kong.J. Env. Plan. Manage. 44 (5), 589-601. DOI: 
10.1080/09640560120079920 
Coakes, S. J., Steed, L., Price, J., 2008. SPSS: Analysis without anguish, first ed. John Wiley 
& Sons, Australia. 
Cheremisinoff, N.P., 2001. Handbook of pollution prevention practices. New York: Marcel 
Dekker 
Christmann,  P., Taylor, G., 2001. Globalisation and the environment: determinants of firm 
self-regulation in China. J.int. Bus. Studies.32, 439-458. 
Comoglio, C., Botta, S., 2012. The use of indicators and the role of environment management 
systems for environmental performance improvement: A survey on ISO 14001 
certified companies in the automotive sector. J. Cle. Produc. 20(1), 92-102. DOI: 
10.1016/j.jclepro.2011.08.022 
Das, B., Shil, N.C., Pramanik, A.K., 2007.Strengthening SMEs to make export competitive. 
J.Bus.Techno. 2(1-2), 54-64. 
Dasgupta, N., 2000. Environmental enforcements and small Industries in India: Reworking 
the problem in the poverty context. Wor. Develo. 28, 945-967. 
DCMSME, 2009. Micro, small and medium enterprises in India: An overview [Cited 2013 
Feb 5]. Available from: 
http://www.dcmsme.gov.in/ssiindia/MSME_OVERVIEW09.pdf. 
Del Brio, J.A., Fernandez, E., Junquera, B., Vasquez, C., 2001. Motivations for adopting the 
ISO 14001 Standard: A study of Spanish industrial companies. Env. Qua. Manage. 
10, 13-28. 
EEA, 2002. Case studies on waste minimisation practices in Europe. Topic Report 2, 
European Environment Agency, Copenhagen, 2002/2report. 
El-Halwagi, M.M., 2012. Sustainable design through process integration: Fundamentals and 
applications to industrial pollution prevention, resource conservation, and 
profitability enhancement. Waltham, MA: Butterworth-Heinemann. 
Ferenhof, H. A., Vignochi, L., Selig, P. M., Lezana, Á. G. R., Campos, L. M. S., 2014. 
Environmental management systems in small and mediu-s zed enterprises: an 















Florida, R., Davison, D., 2001. Why do firms adopt advanced environmental practices (and 
do they make a difference), in Coglianese, C., Nash, J. (Eds.) Regulating from the 
inside: can environmental management systems achieve policy goals. RFF Press, 
Washington, DC, pp.82-104. 
Franchetti, M., 2011. ISO 14001 and solid waste generation rates in US manufacturing 
organizations: An analysis of relationship. J. Cle. Produc. 19, 1104-1109.DOI: 
10.1016/j.jclepro.2011.01.004. 
Fryxell, G.E., Lo, C.W., Chung, S.S., 2004. Influenc  of motivations for seeking ISO 14001 
certification on perceptions of EMS effectiveness in China. Env.Manage. 33(2), 239-
251. DOI:10.1007/s00267-003-0106-2. 
Gavronski , I., Paiva, E. L., Teixeira, R. , Andrade , M.C.F., 2013. ISO 14001 certified plants 
in Brazil : taxonomy and practices.J.Cle. Produc.39, 32-41. DOI: 
10.1016/j.jclepro.2012.08.025 
Gerven, T., Block, C., Geens, J., Cornelis, G., Vandecasteele, C., 2007. Environmental 
response indicators for the industrial and energy sector in Flanders. J. Cle. 
Produc.15, 886-894. DOI: 10.1016/j.jclepro.2006.01.016 
Giusti, L. , 2009. A review of waste management practices and their impact on human 
health.Was.Manage. 29(8), 2227-2239. 
Gomez, A., Rodriguez, M.A., 2011. The effect of ISO 14001 certification on toxic emissions: 
An analysis of industrial facilities in the north of Spain. J. Cle.  Produc.19 (2011), 
1091-1095. DOI: 10.1016/j/jclepro.2011.01.012. 
Goyal, M., 2013.SMEs employ close to 40% of India's workforce, but contribute only 17% to 
GDP. The Economic Times. (9 June). Online at: 
http://articles.economictimes.indiatimes.com/2013-06-09/news/39834857_1_smes-
workforce-small-and-medium-enterprises. Accessed 29 March 2015. 
Granek, F., 2011.Business value of toxics reduction and pollution prevention planning.J.Cle. 
Produc. 19(5), 559-560. DOI: 10.1016/j.jclepro.2010.09.012. 
Granly, B.M., Welo T., 2014. EMS and sustainability: experiences with ISO 14001 and Eco-
Lighthouse in Norwegian metal processing SMEs.  J.Cle. Produc. 64, 194-204. 
DOI:  10.1016/j.jclepro.2013.08.007. 
Halila, F., Tell, J., 2013. Creating synergies between SMEs and universities for ISO 14001 
certification. J. Cle. Produc.48, 85-92.DOI: 10.1016/j.jclepro.2012.11.014. 
Hair J.F., Black, W. C., Babin, B. J., Anderson, R.E., 2010. Multivariate data analysis, a 
global perspective, 7th  ed., Pearson Education Inc., New Jersey. 
Heras, I., Arana, G., 2010. Alternative models for environmental management in SMEs: the 
case of Ekoscan vs. ISO 14001. J.Cle. Produc. 18, 726–735. 
DOI:10.1016/j.jclepro.2010.01.005. 
Hertin, J., Berkhout, F., Wagner, M., Tyteca, D., 2008. Are EMS environmentally 
effective?The link between environmental management systems and environmental 
performance in European companies. J. Env. Plan. Manage. 51(2), 259-283. DOI: 
10.1080/09640560701865040 
Hillary, R., 2004.Environmental management systems and the smaller enterprise.J.Cle. 
Produc. 12, 561-569. DOI: 10.1016/j.jclepro.2003.08.006 
HindustanTimes,  2012. Industrial waste making groundwater 
toxic.http://www.hindustantimes.com/india-news/industrial-waste-making-
groundwater-toxic/article1-931383.aspx 
Hoornweg, D., Bhada-Tata, P., 2012. What a waste. A global review of solid waste 














Hussey, D.M. , Eagan, P.D., 2007. Using structural equation modeling to test environmental 
performance in small and medium-sized manufacturers: can SEM help SMEs? J.Cle. 
Produc. 15, 303-312.  DOI:10.1016/j.jclepro.2005.12.002 
Ilomaki, M., Melanen, M., 2001. Waste minimisation in small and medium-sized 
enterprises—do environmental management systems help?.J.Cle. Produc. 9, 209–
217. PII: S0959-6526(00)00053-6 
Irado, F., Testa, F., Frey, M.,  2009. Is an environmental management system able to 
influence environmental and competitive performance? The case of the eco-
management and audit scheme (EMAS) in the European union.J. Cle. Produc.17, 
1444–1452. DOI: 10.1016/j.jclepro.2009.05.013 
ISO, 2011. ISO survey: ISO14001 data. [cited 2013 Feb 15]. Available from: 
http://www.iso.org/iso/home/standards/certification/ so-survey.htm. 
Jabbour, C., Jabbour, A., Govindan, K., Teixeira, A., Freitas, W., 2013. Environmental 
management and operational performance in automotive companies in Brazil: the 
role of human resource management and lean manufacturing. J.Cle. Produc. 47, 
129-140.   DOI:10.1016/j.jclepro.2012.07.010 
Jasch,C., 2000. Environmental performance evaluation nd indicators.J  Cle. Produc. 8(1), 
79–88. DOI: 10.1016/S0959-6526(99)00235-8 
Johnstone, N., Labonne, J., 2009. Why do manufacturing facilities introduce environmental 
management system? Improving and/or signalling performance.Eco. Econom .68, 
719-730. DOI: 10.1016/j.ecolecon.2008.06.003 
Kavanagh, J., 1994. Environmental protection and waste minimisation: a case study. J.Cle. 
Produc. 2(2), 91-94. DOI: 10.1016/0959-6526(94)90005-1 
Kitazawa, S., Sarkis, J., 2000.The relationship betwe n ISO 14001 and continuous source 
reduction programs.Int. J. Ope. Pro. Manage.20, 225-
248.DOI:http://dx.doi.org/10.1108/01443570010304279 
Khanna, V.K., 2010a.EMS and its effectiveness in India  organizations. IEEE Xplore. 
Khanna, V.K., 2010b.An Indian experience of the environmental management system.Int. J. 
Inn. Tec.Manage. 7(4), 423-445. DOI: 10.1142/S021987701000201X 
King, A.A., Lenox, M.J., Terlaak, A., 2005. The strategic use of decentralized institutions: 
Exploring certification with the ISO 14001 management standard. Aca. Manage. J. 
48(6), 1091-1106. DOI: 10.5465/AMJ.2005.19573111  
Kothari, C.R., 2004. This is a book Research Methodology: Methods and Techniques. 2nd
Edition. New Delhi: New Age International Publishers. 
Lagodimos, A.G., Chountalas, P.T., Chatzi, K., 2007. The state of ISO 14001 certification in 
Greece.J. Cle. Produc. 15, 1743-1754. DOI: 10.1016/j.jclepro.2006.06.015 
Lesourd, J-B., Schilizzi, S., 2001. Environmental mnagement systems: the ISO14001 and 
EMAS international standards. In: Lesourd J-B, Schilizzi S (eds) The environment 
in corporate management. Cheltenham: Edward Elgar, pp 286-337. 
Llach, J., Perramon, J., Alonso-Almeida, M., Bagur-Femenías, L.,2013. Joint impact of 
quality and environmental practices on firm performance in small service 
businesses: an empirical study of restaurants. J. of Cle. Produc. 44 , 96-104. DOI: 
10.1016/j.jclepro.2012.10.046 
Martín-Peña, M. L., Díaz-Garrido, E., Sánchez-López, J. M. 2014. Analysis of benefits and 
difficulties associated with firms’ Environmental Management Systems: the case of 
the Spanish automotive industry. J.Cle. Produc.70,  220-230. DOI: 
10.1016/j.jclepro.2014.01.085 
Massoud, M. A., Tabcharani, R., Nakkash, R., Jamali, D., 2012. Environmental performance 















Melnyk, S.A., Sroufe, R.P., Calantone, R., 2003. Asses ing the impact of environmental 
management systems on corporate and environmental performance. J. Ope. Manage. 
29,329-351.  PII: S0272-6963(02)00109-2 
Ministry of Environment and Forest [MOEF], 2012. Waste Minimisation in Small Scale 
Industries  Waste minimisation circle,  [online] Government of 
India.http://wmc.nic.in/Training_Slides/General%20Environment%20scenario%20
%5BF%5D%2826%29_files/frame.htm. (Accessed 7 April 2012) 
Misra, V., Pandey, S.D., 2005.Hazardous waste, impact on health and environment for 
development of better waste management strategies in future in India.Env. Intern. 
31, 417-431. DOI:10.1016/j.envint.2004.08.005 
Montiel, I., Husted, B.W., 2009. The adoption of voluntary environmental management 
programs in Mexico: First movers as institutional entr preneurs.  J. Bus. Ethics. 88, 
349-363. DOI 10.1007/s10551-009-0282-y 
Montiel, I., Husted, B. W.,Christmann, P., 2012. Using private management standard 
certification to reduce information asymmetries in corrupt environments. Strat. 
Manage. J., 33(9), 1103-1113.DOI: 10.1002/smj.1957 
Montabon, F., Melnyk, S., Sroufe, R., Calantone, R. 2000. ISO 14000: Assessing Its 
Perceived Impact on Corporate and Purchasing Performance. J. Sup. Chain Manage. 
36(2), 4-16. 
Moturi, M.C.Z., Rawat, M., Subramanian, V., 2004.Distribution and fractionation of heavy 
metals in solid waste from Selected Sites in the industrial belt of Delhi, India.Env. 
Mon. Assess. 95, 183-199. 
Mulholland, K.L., Dyer, J.A., 1999. Pollution prevention: Methodology, technologies and 
practices. New York: Wiley 
Muñoz, E., Capón-García, E., Laínez J.M., Espuña, A., Puigjaner, L., 2013. Considering 
environmental assessment in an ontological framework for enterprise sustainability. 
J. Cle. Prdouc. 47, 149-164.DOI: 10.1016/j.jclepro.2012.11.032 
Natu, A.,V., 1999. Environmental audit –A tool for waste minimisation for small and 
medium scale dyestuff industries. Che. Busin. India. September , 133-138. 
Nawrocka, D., Parker, T., 2009. Finding the connection: environmental management systems 
and environmental performance. J. Cle. Produc. 17, 601-607. 
DOI:10.1016/j.jclepro.2008.10.003 
Nishitani, K., 2009. An empirical study of the inital adoption of ISO 14001 in Japanese 
manufacturing firms.Ecol Econ. 6, 669-679.DOI: 10.1016/j.ecolecon.2008.05.023 
Nishitani, K., Kaneko, S., Fujii, H., Komatsu, S., 2012. Are firms' voluntary environmental 
management activities beneficial for the environment and business? An empirical 
study focusing on Japanese manufacturing firms. J. Env.Manage. 105(30),121-130. 
DOI: 10.1016/j.jenvman.2012.03.054 
Nguyen, Q.A., Hens, L.,in print. Environmental performance of the cement industry in 
Vietnam: The influence of ISO 14001 certification. J.Cle. Produc., 1-17. DOI: 
10.1016/j.jclepro.2013.09.032 
OECD, 1996. Building the basis for a common understanding on waste minimisation, 
Outcome of the International Workshop held on 16-18 Oct 1996 in Berlin, OECD, 
Paris. 
Oliveira, O. J., Serra, J. R., Salgado, M. H., 2010. Does ISO 14001 work in Brazil?.J. Cle. 
Produc. 18, 1797-1806. DOI:10.1016/j.jclepro.2010.08.004 
Padma, P., Ganesh, L.S., Rajendran, C., 2008. A Study on the ISO 14000 certification and 
organizational performance of Indian manufacturing f rms.Ben. Intern.J. 15(1), 94-














Perotto, E., Canziani, R., Marchesi, R. and Butelli, P., 2008, Environmental performance, 
indicators and measurement uncertainty in EMS context: a case study. J. Cle. 
Produc. 16, 517-530. DOI:10.1016/j.jclepro.2007.01.004 
Petts, J., 2000. Small and medium-sized enterprises and environmental compliance: Attitudes 
among management and non-management. In: Hillary, R (ed.) Small and Medium-
Sized Enterprises and the Environment: Business Imperatives. Sheffield: Greenleaf 
Publishing, pp. 49-60.  
Potoski, M., Prakash, A., 2005. Covenants with weak swords: ISO 14001 and facilities’ 
environmental performance. J. Pol. Ana. Manage.24(4), 745-769. DOI: 
10.1002/pam.20136 
Potoski, M.,  Prakash, A., 2013. Do voluntary programs reduce pollution? Examining ISO 
14001’s effectiveness across countries. The Pol. Studies J. 41(2), 273-294. 
Prajogo, D., Tang, A.K.Y., Lai, K., 2012. Do firms get what they want from ISO 14001 
adoption?: an Australian perspective. J.Cle. Produc. 33,117-126. DOI: 
10.1016/j.jclepro.2012.04.019 
Qi, G.Y., Zeng, S.X., Tam, C.M., Yin, H.T., Wu, J.F., Dai, Z.H., 2011. Diffusion of ISO 
14001 environmental management systems in China: Rethinking on stakeholders’ 
roles. J.Cle. Produc. 19, 1250-1256. DOI: 10.1016/j.jclepro.2011.03.006 
Qi, G., Zeng, S., Li, X., Tam, C., 2012.Role of internalization process in defining the 
relationship between ISO 14001 certification and corporate environmental 
performance.Cor.Soc. Res.Env.Manage.19, 129-140.DOI: 10.1002/csr.258 
Rao P., O’ Castillo, O. la, IntalJrPonciano, S., Sajid, A., 2006. Environmental indicators for 
small and medium enterprises in the Philippines: An empirical research. J.Cle. 
Produc. 14, 505-515. DOI:10.1016/j.jclepro.2005.03.016 
Ravi, S., 2009. Entrepreneurship development in the micro small and medium enterprise 
sector in India. Ind. Sch.Busine. 2(1), 23-34. 
Samuelson, J.P (ed.), 2009. Industrial waste: Enviro mental impact, disposal and treatment. 
New York: Nova Science Publishers. 
Santos, G.,  Mendes, F., Barbosa, J. , 2011. Certification and integration of management 
systems: the experience of Portuguese small and mediu  enterprises. J.Cle. Produc.  
19, 1965-1974. DOI:10.1016/j.jclepro.2011.06.017 
Saxena, P., Bhattacharyya, A.K., 2010. Inventorisation of environmnetal risk associated with 
hazardous waste generated in small scale industrial are  of Delhi, India, in : 
Beheim,E. (Eds.), Integrated Watershed Management: P rspectives and Problems, 
Capital Publishing Company, New Delhi. DOI: 10.1007/978-90-481-3769-5_15 
Seiffert, M. E. B., 2008. Environmental impact evaluation using a cooperative model for 
implementing EMS (ISO 14001) in small and medium-sized enterprises.J.Cle. 
Produc. 16, 1447-1461. DOI: 10.1016/j.jclepro.2007.10.001 
Sharp, V., Giorgi, S.,Wilson, D.C., 2010. Delivery and impact of household waste prevention 
intervention campaigns (at the local level). Was. Man.Resear. 28(3), 256–268. DOI: 
10.1177/0734242X10361507 
Stevens, P.A., Batty, W.J., Longhurst, P.J., Drew, G.H., 2012. A critical review of 
classification of organisations in relation to the voluntary implementation of 
environmental management systems. J. Env. Manage.113, 206-212. DOI: 
10.1016/j.jenvman.2012.08.037 
Strasser, K.A., 2011. Myths and realities of busines nvironmentalism: Good works, good 
business or greenwash? Cheltenham, UK: Edward Elgar Publishing. 
Singh, M., Brueckner, M., Padhy, P.K.,2014. Insights in o the state of ISO14001 certification 
in both small and medium enterprises and industry best companies in India: The case 














Singh, N., Jain, S., Sharma, P. 2014. Determinants of proactive environmental management 
practices in Indian firms: an empirical study. J. Cle. Produc. 66, 469-478.  DOI: 
10.1016/j.jclepro.2013.11.055 
Singh, N., Jain, S., Sharma, P. 2015. Motivations fr implementing environmental 
management practices in Indian industries.Ecol. Econo. 109,1-8. DOI: 
10.1016/j.ecolecon.2014.11.003. 
Staniskis, J., K., Stasiskiene, Z., 2005. Industrial waste minimisation – experience from 
Lithuania.Was. Man. Resear.23,282–290. DOI: 10.1177/0734242X05054515 
Steger, U., 2000. Environmental management systems: pirical evidence and further 
perspectives. Eur. Manage. J. 18(1),23-37. DOI: http://dx.doi.org/10.1016/S0263-
2373(99)00066-3 
Székely, F., Knirsch, M., 2005. Responsible leadership and corporate social responsibility: 
Metrics for sustainable performance. Eur. Manage. J.23 (6), 628-647. 
DOI:10.1016/j.emj.2005.10.009 
Tarí, J.J., Molina-Azorín, J.F., Heras, I., 2012. Benefits of the ISO 9001 and ISO 14001 
standards: A literature review. J. Ind. Eng. Manage.5 (2), 297-322. 
Testa, F., Styles, D., Iraldo, F., 2012.Case study evidence that direct regulation remains the 
main driver of industrial pollution avoidance and may benefit operational efficiency. 
J. Cle. Produc. 21(1),1-10. DOI: 10.1016/j.jclepro.2011.09.002 
To, W.M., Lee, P.K.C., 2014. Diffusion of ISO 14001 environmental management system: 
global, regional and country-level analyses. J.Cle.Produc. 66, 489-498. DOI: 
10.1016/j.jclepro.2013.11.076 
Turberfield, D., 2002. ISO 14001 environmental management standard--adding value?.Pha. 
Tec. Europe. 14 (8), 22. 
United Nations Environment Programme (UNEP), 2002. Training resource pack for 
hazardous waste management in developing economies. Pari : UNEP. 
United Nations Environment Programme (UNEP), 2012. 21 Issues for the 21st century: Result 
of the UNEP foresight process on emerging environmental issues. Nairobi: UNEP 
van Berkel, R., 1996. Fostering Cleaner Production in Developing Countries: Preliminary 
results and experiences from India and China. In: Duijnhouwer F, Veldhuis M., 
editors. Agenda 21: RMNO/RAWOO lectures on sustainable development. The 
Hague, The Netherlands: Advisory council on scientific research in support of 
development assistance, 77-91. 
van Berkel, R., 2004. Assessment of the impact of the DESIRE project on the uptake of waste 
minimisation in small scale industries in India (1993-1997), J. cle. Produ. 12, 269-
281. DOI: 10.1016/S0959-6526(03)00101-X 
Waste Minimisation Circles, 2014. Waste minimization n Small scale industries, National 
productivity council of India(NPCI). [online] Government of 
India.http://wmc.nic.in/chapter2-environmentalscenario. sp 
Wath, S.B., Dutt, P.S.,Chakrabarti, T.,  2011. E-waste scenario in India, its management and 
implications. Env. Mon. Assess.172, 249-262. DOI: 10.1007/s10661-010-1331-9 
Wilson, D.C., Parker, D., Cox, J., Strange, K., Willis, P., Blakey, N., Raw, L., 2012. Business 
waste prevention: a review of the evidence. Was.Man. Resear.30, 17-28. 
World Business Council for Sustainable Development (WBCSD), 2002. Striking the balance. 
Earthscan Publications, London. 
Worldwatch Institute , 2012. Global municipal solid waste continues to grow. Vital Signs 
Online: http://www.worldwatch.org/global-municipal-solid-waste-continues-grow-0 
Worldwatch Institute, 2013. State of the world 2013. Is sustainability still possible? 














Zhang, W., Wang, W., Wang, S., 2014. Environmental performance evaluation of 
implementing EMS (ISO 14001) in the coating industry: case study of a Shanghai 
coating firm. J. Cle. Produc. 64, 205-217. DOI: 10.1016/j.jclepro.2013.08.028 
Zeng, S.X., Xie, X.M., Tam, C.M., Wan, T.W., 2009. Relationships between business factors 
and performance in internationalisation: an empirical study in China. Man. 
Decisi.47, 308-329. DOI:10.1108/00251740910938939 
Zorpas, A., 2010.Environmental management systems as sustainable tools in the way of life 
for the SMEs and VSMEs.Bio.Techno.101, 1544-1557. 
DOI:10.1016/j.biortech.2009.10.022 
Zobel, T., 2013. ISO14001 certification in manufacturing firms: a tool for those in need or an 















Table 1: India’s most polluting industries  (Central Pollution Control Board, 2014) 
• Aluminium Smelters  
• Caustic Soda  
• Cement  
• Copper Smelters  
• Distilleries  
• Dyes & Dye Intermediates 
• Fertiliser Plants 
• Integrated Iron & Steel 
• Tanneries 
• Pesticides  
• Petrochemicals  
• Drugs & Pharmaceuticals  
• Pulp & Paper  
• Oil Refineries  
• Sugar  
• Thermal Power Plants  














Table 2:  Tests of Normality 
Shapiro-Wilk 
Statistic df Sig. 
.976 63 .242 















Table- 3: Test for Homoscedasticity 
Levene’s Test for equality of variance F Sig 
EMS status (X1) - Independent Variable .468 ϸ = .497 > .05 
Nature of business (X2) - Covariable 
 
.799 ϸ = .375 > .05 
Resource availability (X3) - Covariable 
 
2.738 ϸ = .073 > .05 
Number of employees (X4) - Covariable 
 
.309 ϸ = .871 > .05 
Business abroad (X5) - Covariable 
 
1.303 ϸ = .258 > .05 
Number of environmental options (X6) - Covariable  
 
















Table 4: Correlations 
  X2 X3 X4 X5 X1 X6 WM 
 (X2) Pearson Correlation 1 -.456** -.310** .425** .331** -.029 -.439** 
Sig. (1-tailed)  .000 .007 .000 .004 .412 .000 
N 63 63 63 62 63 63 63 
.(X3) Pearson Correlation -.456** 1 .609** -.478** -.305** .052 .287* 
Sig. (1-tailed) .000  .000 .000 .008 .342 .011 
N 63 63 63 62 63 63 63 
 (X4) Pearson Correlation -.310** .609** 1 -.333** -.464** .057 .234* 
Sig. (1-tailed) .007 .000  .004 .000 .328 .033 
N 63 63 63 62 63 63 63 
X5) Pearson Correlation .425** -.478** -.333** 1 .421** -.152 -.407** 
Sig. (1-tailed) .000 .000 .004  .000 .120 .001 
N 62 62 62 62 62 62 62 
 (X1) Pearson Correlation .331** -.305** -.464** .421** 1 -.110 -.377** 
Sig. (1-tailed) .004 .008 .000 .000  .196 .001 
N 63 63 63 62 63 63 63 
 (X6) Pearson Correlation -.029 .052 .057 -.152 -.110 1 .266* 
Sig. (1-tailed) .412 .342 .328 .120 .196  .018 
N 63 63 63 62 63 63 63 
WM Pearson Correlation -.439** .287* .234* -.407** -.377** .266* 1 
Sig. (1-tailed) .000 .011 .033 .001 .001 .018  
N 63 63 63 62 63 63 63 
**. Correlation is significant at the 0.01 level (1-tailed). 

























Change F Change df1 df2 Sig. F Change 
1 .304a .093 .077 23.71001 .093 6.117 1 60 .016 
2 .321b .103 .073 23.76683 .011 .713 1 59 .402 
3 .434c .188 .146 22.80955 .085 6.056 1 58 .017 
4 .498d .248 .195 22.14606 .060 4.527 1 57 .038 
5 .541e .293 .230 21.66279 .045 3.572 1 56 .064 
6 .603f .363 .294 20.74221 .070 6.081 1 55 .017 
a. Predictors: (Constant), X3 
b. Predictors: (Constant), X3, X4 
c. Predictors: (Constant), X3, X4, X5 
d. Predictors: (Constant), X3, X4, X5, X1 
e. Predictors: (Constant), X3, X4, X5, X1,X6 
f. Predictors: (Constant), X3, X4, X5, X1,X6, X2 














Table 6: ANOVA resultsg 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 3438.720 1 3438.720 6.117 .016a 
Residual 33729.877 60 562.165   
Total 37168.597 61    
2 Regression 3841.734 2 1920.867 3.401 .040b 
Residual 33326.863 59 564.862   
Total 37168.597 61    
3 Regression 6992.604 3 2330.868 4.480 .007c 
Residual 30175.993 58 520.276   
Total 37168.597 61    
4 Regression 9213.051 4 2303.263 4.696 .002d 
Residual 27955.545 57 490.448   
Total 37168.597 61    
5 Regression 10889.109 5 2177.822 4.641 .001e 
Residual 26279.488 56 469.277   
Total 37168.597 61    
6 Regression 13505.446 6 2250.908 5.232 .000f 
Residual 23663.151 55 430.239   
Total 37168.597 61    
a. Predictors: (Constant), X3 
b. Predictors: (Constant), X3, X4 
c. Predictors: (Constant), X3, X4, X5 
d. Predictors: (Constant), X3, X4, X5, X1 
e. Predictors: (Constant), X3, X4, X5, X1,X6 
f. Predictors: (Constant), X3, X4, X5, X1,X6, X2 























B Std. Error Beta Zero-order Partial Part 
1 (Constant) 129.575 11.913  10.877 .000    
X3 9.302 3.761 .304 2.473 .016 .304 .304 .304 
2 (Constant) 131.388 12.133  10.829 .000    
X3 6.929 4.702 .227 1.474 .146 .304 .188 .182 
X4 2.002 2.370 .130 .845 .402 .265 .109 .104 
3 (Constant) 169.653 19.426  8.734 .000    
X3 2.522 4.855 .082 .520 .605 .304 .068 .061 
X4 1.623 2.280 .105 .712 .479 .265 .093 .084 
X5 -16.345 6.642 -.332 -2.461 .017 -.407 -.307 -.291 
4 (Constant) 197.525 22.963  8.602 .000    
X3 3.522 4.737 .115 .743 .460 .304 .098 .085 
X4 -.048 2.349 -.003 -.020 .984 .265 -.003 -.002 
X5 -11.395 6.856 -.232 -1.662 .102 -.407 -.215 -.191 
X1 -18.416 8.655 -.287 -2.128 .038 -.416 -.271 -.244 
5 (Constant) 187.498 23.080  8.124 .000    
X3 3.794 4.636 .124 .819 .417 .304 .109 .092 
X4 -.024 2.298 -.002 -.010 .992 .265 -.001 -.001 
X5 -9.732 6.764 -.198 -1.439 .156 -.407 -.189 -.162 
X1 -17.873 8.471 -.279 -2.110 .039 -.416 -.271 -.237 
X6 1.857 .983 .215 1.890 .064 .275 .245 .212 
6 (Constant) 208.758 23.721  8.800 .000    
X3 .738 4.608 .024 .160 .873 .304 .022 .017 
X4 .165 2.201 .011 .075 .940 .265 .010 .008 
X5 -6.216 6.631 -.126 -.937 .353 -.407 -.125 -.101 
X1 -14.982 8.195 -.234 -1.828 .073 -.416 -.239 -.197 
X6 1.969 .942 .228 2.090 .041 .275 .271 .225 
X2 -15.252 6.185 -.311 -2.466 .017 -.456 -.316 -.265 
















Table 8: Model summaryf 
Model R R Square 
Adjusted R 
Square 






Change df1 df2 
Sig. F 
Change 
1 .304a .093 .077 23.71001 .093 6.117 1 60 .016 
2 .425b .181 .153 22.71401 .089 6.377 1 59 .014 
3 .498c .248 .209 21.95440 .067 5.153 1 58 .027 
4 .541d .293 .243 21.47195 .045 3.636 1 57 .062 
5 .603e .363 .306 20.55723 .070 6.185 1 56 .016 
a. Predictors: (Constant), X3 
b. Predictors: (Constant), X3,X5 
c. Predictors: (Constant), X3,X5,X1 
d. Predictors: (Constant), X3,X5,X1,X6 
e. Predictors: (Constant), X3,X5,X1,X6,X2 















Table 9: ANOVA resultsf 
Model 
Sum of 
Squares Df Mean Square F Sig. 
1 Regression 3438.720 1 3438.720 6.117 .016a 
Residual 33729.877 60 562.165   
Total 37168.597 61    
2 Regression 6728.944 2 3364.472 6.521 .003b 
Residual 30439.653 59 515.926   
Total 37168.597 61    
3 Regression 9212.850 3 3070.950 6.371 .001c 
Residual 27955.747 58 481.996   
Total 37168.597 61    
4 Regression 10889.059 4 2722.265 5.905 .000d 
Residual 26279.538 57 461.045   
Total 37168.597 61    
5 Regression 13503.023 5 2700.605 6.390 .000e 
Residual 23665.574 56 422.600   
Total 37168.597 61    
a. Predictors: (Constant), X3 
b. Predictors: (Constant), X3,X5 
c. Predictors: (Constant), X3,X5,X1 
d. Predictors: (Constant), X3,X5,X1,X6 
e. Predictors: (Constant), X3,X5,X1,X6,X2 





















Unstandardized Coefficients Standardized Coefficients 
t Sig. 
Correlations 
B Std. Error Beta 
Zero-
order Partial Part 
1 (Constant) 129.575 11.913  10.877 .000    
X3 9.302 3.761 .304 2.473 .016 .304 .304 .304 
2 (Constant) 168.937 19.318  8.745 .000    
X3 4.351 4.102 .142 1.061 .293 .304 .137 .125 
X5 -16.665 6.599 -.339 -2.525 .014 -.407 -.312 -.298 
3 (Constant) 197.455 22.505  8.774 .000    
X3 3.471 3.984 .113 .871 .387 .304 .114 .099 
X5 -11.403 6.787 -.232 -1.680 .098 -.407 -.215 -.191 
X1 -18.358 8.087 -.286 -2.270 .027 -.416 -.286 -.259 
4 (Constant) 187.463 22.625  8.286 .000    
X3 3.769 3.899 .123 .967 .338 .304 .127 .108 
X5 -9.736 6.695 -.198 -1.454 .151 -.407 -.189 -.162 
X1 -17.843 7.914 -.278 -2.255 .028 -.416 -.286 -.251 
X6 1.857 .974 .215 1.907 .062 .275 .245 .212 
5 (Constant) 208.981 23.325  8.959 .000    
X3 .917 3.905 .030 .235 .815 .304 .031 .025 
X5 -6.195 6.566 -.126 -.943 .349 -.407 -.125 -.101 
X1 -15.188 7.651 -.237 -1.985 .052 -.416 -.256 -.212 
X6 1.968 .934 .228 2.108 .040 .275 .271 .225 
X2 -15.236 6.126 -.311 -2.487 .016 -.456 -.315 -.265 

























































































Figure 4: Normality, linearity and homoscedasticity of residuals 
 
 




































Figure 6: Normality, linearity and homoscedasticity of residuals 






















• The relationship between the ISO 14001 status and waste 
minimisation in Indian SMEs is assessed. 
 
• Differences in waste minimisation between ISO 14001 certified and 
non-certified SMEs are examined. 
 
• A positive relationship between ISO 14001 certification and waste 
minimization in SMEs is confirmed. 
 
• The findings are robust when four other influencing co-variables are 
controlled. 
 
• Manufacturers and firms with more environmental options are found 
to be significant waste minimisers. 
 
